Injuries to the neck structures are various in case of hanging.
H anging can induce various internal injuries of the neck. The subcutaneous tissue underneath the ligature mark on dissection is usually compressed, dry, white, shiny, glistening, and leathery in nature. 1 Most frequent lesions of the deep neck structures include laryngeal and bone hyoid fractures, and muscle hemorrhage. Hemorrhage at the origin of the sternocleidomastoid muscles is a frequent finding. 2, 3 Conversely, rupture of these muscles is an uncommon injury found at autopsy. 4 Rupture of carotid artery is also a rare finding, except in case of hanging complicated with decapitation. 5 We report 2 lethal cases of traumatic rupture of deep neck structures secondary to hanging and discuss the possible mechanisms leading to such injuries.
CASE REPORTS

Case 1
A 43-year-old man weighing 87 kg was found hanged at home in the attic. Hanging was complete, with an 8-mm-wide rigid rope which had been fixed to a beam. A stepladder was found below the access hatch. There was no sign of breaking and entering. Inside of the house was undisturbed. There was no sign of foul play.
Autopsy Findings
At external examination, a cervical 7-mm-wide ligature mark was found above the thyroid cartilage, ascending upward and from the right to the left of the neck. The abrasion was thicker at the level of the left ear, where the node was probably located. This mark agreed with the rope's shape. Autopsy showed a subcutaneous hemorrhage beneath the ligature mark as a sign of intravital reaction. Partial traumatic ruptures of the right sternocleidomastoid muscle ( Fig. 1 ), of the subhyoid muscles and of the thyrohyoid membrane were found. A complete rupture of the epiglottis, bilateral ecchymotic fracture of the great horns of the thyroid cartilage, and an ecchymotic fracture of the left great horn of the hyoid bone were associated. Horizontal and parallel small ruptures of the intima of the right common carotid artery were seen. Cervical spine showed intervertebral hemorrhage at the level of the carotid bifurcation. The rest of the autopsy showed common signs of asphyxial death, including fluid blood and diffuse congestion of the vessels. No visceral petechiae were found. There was no other traumatic lesion. Manner of death was classified as suicide after autopsy and police investigations.
Histological examination revealed dissection of the intimal layer of the arterial wall, with a slight hemorrhage ( Fig. 2 ). Slight hemorrhagic rupture with necrosis of the sternocleidomastoid muscle cells was confirmed. Skin at the level of the furrow showed epidermal abrasion, without any hemorrhage nor inflammatory reaction in the dermohypodermal tissues.
Case 2
A 50-year-old man weighing 85 kg was found dead by his wife, at home, near the staircase. The body was hanged with a 25-mm-wide strap fixed to the banister located at the top of the stairs. Hanging was complete. His hands were bound forward with another similar strap. The uprights of the stairwell had been sawn. No resuscitation attempt was carried out. Antidepressants and tranquillizers were found near the body. The victim suffered from psychiatric disorders and chronic alcoholism.
Autopsy Findings
At external examination, we found a 1.2-cm to 1.7-cm-wide subthyroid ligature mark, oblique upward, backward, and forward. The ligature mark was incomplete, it was not found in the right posterior cervical region. A 3Â2 cm bruise was found in the right frontal region. At autopsy, hemorrhagic infiltration was seen in the posterior cervical region, beneath the ligature mark, and in the thyrohyoid membrane. An almost complete rupture of the left sternocleidomastoid muscle, without associated ecchymotic infiltration, was seen underneath the neck ligature mark ( Fig. 3 ). Moreover, there were ecchymotic fractures of the right great horn of the thyroid cartilage and of the right great horn of the hyoid bone. Hemorrhagic fracture disjunction, between the great horn and the body of the hyoid bone, was associated. There was a complete rupture of the left common carotid artery, in the depth of the neck skin abrasion, without ecchymotic infiltration ( Fig. 4) . Small horizontal and parallel ruptures of the intima of the right common carotid artery, upstream the carotid bifurcation, were present. The rest of the autopsy showed common signs of death resulting from asphyxia, including fluid blood, diffuse congestion of the vessels, and pleural petechial hemorrhages. Liver steatosis and heart left ventricular hypertrophy were found. No other traumatic lesion was discovered. Manner of death was classified as suicide after autopsy and police investigations.
At microscopic examination, near-complete and hemorrhagic rupture of the left carotid artery wall was confirmed, associated with hemorrhagic infiltration in accessory submaxillary glands. In the site of sternocleidomastoid muscle rupture, muscle cell necrosis and intramuscular bleeding were seen (Fig. 5 ).
DISCUSSION
Main lesions of the neck structures secondary to hanging involve hyoid bone, laryngeal cartilages, soft tissue, and vessels. 6 Injuries to the sternocleidomastoid muscles are one of the most common lesions. 3, 7 They generally consist in muscular hemorrhages at their attachment to the sternum. 2 The frequency of this finding would be significantly higher on the side of the highest point of the ligature mark, thereby supporting the hypothesis of extension as the causative mechanism. 3 This observation was confirmed by Hejna et al., 2 who found a significant association between the occurrence of hemorrhages and the location of the ligature knot on the neck. Moreover, they noticed a statistically significant association between the occurrence of hemorrhages into the cervical muscles and completeness of the victim's body suspension.
Contusions and lacerations of the neck musculature of the cervical musculature can be encountered, 4 but no muscle rupture has been reported so far. Our 2 cases showed a partial or almost complete traumatic rupture of the sternocleidomastoid muscles. These injuries were located at the opposite side of the knot. As the ligature's highest compression occurs at the side opposite to the point of suspension, highest pressure on the contralateral muscle is expected. High pressure and direct stretching with elongation of the sternocleidomastoid muscles in a longitudinal direction are the most probable mechanisms explaining muscle rupture. Such rupture may depend on the duration of suspension. The longer the suspension time is, the more increased the neck compression is. Importance of time suspension in the appearance of neck injury was recently highlighted by an experimental study, 8 which showed that appearance of ligature mark is equally affected by the severity of force and the duration of force application. The fact that no hemorrhage was grossly found in the site of rupture in our 2 cases, especially in the second case with carotid artery rupture, suggests that muscle rupture did occur after death. As hemorrhage was found at a microscopic level, we can suppose that rupture occurred in a muscle already injured by extrinsic forces.
The importance of the pressure on neck structures is confirmed by several cases of decapitation as a result of suicidal hanging. A fall with a noose around the neck appears to be associated with more frequent injuries to cervical structures through additional axial traction and radial shearing forces of the tightening noose. 5 Complete decapitation can occur in rare cases under extreme conditions: heavy body weight, inelastic and/or thin rope material, and fall from a great height. 5 The crucial factor for the state of decapitation itself is the kinetic energy of the falling body, the strength of the human neck tissue, and the diameter and elasticity of the used ligature. 9 In our 2 cases, the victims had used a rigid rope, but the fall was from a low height. However, fall may have occurred after a jump with impetus, increasing initial kinetic energy of the falling body. These 2 factors, added to the suspension duration, can explain the sternocleidomastoid muscle rupture.
Other severe neck injuries have been reported in nonlethal hanging: tracheal and esophageal rupture, 10 laryngotracheal separation, 11, 12 and complete supraglottic rupture. 13 We also found in one of our cases a complete rupture of the epiglottis.
Cervical muscle ruptures can occur in other rare situations. Penetrating neck trauma, particularly in area from the cricoid to the angle of mandible, is the most frequent case. 14 Vehicle accident with hyperextension injuries may result in neck musculature spasm or rupture, which can be detected many years later, with subsequent formation of a fibrotic band causing acute torticollis. 15 In children, sequels of shoulder dystocia and obstetric maneuvers for incarcerated shoulder release include sternocleidomastoid muscle distension or rupture with or without hematoma. 16 We found neck vascular injuries in our 2 cases, including complete rupture of the carotid artery wall in 1 case, and intimal tears as early dissection of the carotid artery in the 2 cases. Traumatic carotid artery dissection (CAD) is rare. Traumatic CAD is caused by sports, violence or traffic accidents, and can occur in unilateral or bilateral common carotid arteries. 17 The incidence of CAD among all patients with blunt trauma is estimated at 0.08% to 1.2%. 18 Dissections start with a tear in the intima/ media layer of the vessel wall, after which a hematoma develops. They can progress in the subintimal or subadventitial layer, leading to local compression. 19 Mechanisms of a CAD are, respectively, the following 20,21 : (1) direct trauma to the artery; (2) hyperextension-rotation; (3) blunt intraoral trauma; (4) skull base and mandible fractures, along the course of one of the major cranial arteries; (5) combination of head-thorax trauma with overstretching of the carotid artery, and (6) compression of the vessel to the lateral mass of the atlas and transverse processes of the spine during contralateral flexion of the neck. In case of hanging, CAD may be related to 3 main mechanisms: direct injury to the common carotid artery, compressed by the rope; sudden hyperextension of the neck secondary to the falling body; and compression of the carotid between processes of the spine during contralateral flexion of the neck. Moreover, with loss of consciousness, decreased muscle tone facilitates arterial obstruction and intimal tears, which are found at the level of the ligature in about 5% of autopsies of hanging victims. 22 In our cases, because carotid dissections were at the opposite side of the knot, the mechanical compression of the carotid between processes of the spine seems to be predominant. Complete rupture of the carotid artery wall is only reported in decapitation as a result of suicidal hanging. 5, 9 CONCLUSIONS Hanging is responsible for various lesions, in particular hyoid and laryngeal fractures and soft tissue hemorrhages. Sternocleidomastoid muscles rupture occurs rarely. It seems to be linked to the suspension duration and pressure on the neck. These could be partially associated with the use of a hard fixed noose, fall after a jump, and eventually body weight.
